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Industrial complexes are considered as a major source of hazardous air pollutants (HAPs) which include vol-
atile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), and heavy metals, etc. Therefore,
the comprehensive monitoring and management of HAPs in the industrial complexes are required. In this study,
the basic information of the industrial complexes (e.g., location, area, emission of air pollutants, meteorological
conditions, and population) was used as input data for a geographic information system (GIS) software. On the
basis of these GIS data, we proposed a systematic method for determining priority industrial complexes for the
monitoring of HAPs. We identified 28 priority industrial complexes and classified them into four groups from
level 1, whose HAPs should be continuously monitored, to level 4, whose HAPs do not have to be monitored.
Furthermore, the case study of Ulsan was presented to demonstrate the selection procedure for sampling sites.
The results of this study can be practically used to establish a long-term plan of the monitoring and man-

agement of HAPs.
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Fig. 1. Procedure for the selection of priority industrial complexes for the monitoring of HAPs.
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Fig. 3. Locations of selected 44 industrial complexes in South Korea for the monitoring of HAPs.
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Table 1. List of industrial complexes for the monitoring of HAPs with emission and area data

Order Complex name E(rlr:;;(;n Contal;))utlon Area (1,000 m?) Contg;)utlon Score (A+B)
1 S 8,840,265 27.9 51,011 17.7 45.6
2 o] 4= . ok 665,305 2.1 50,792 17.6 19.7
3 A3} - BhY A 1,150,903 3.6 32,241 11.2 14.8
4 o ohat o Abeks 2,258,701 7.1 9,855 3.4 10.5
5 e A s 879,679 2.8 17,696 6.1 8.9
6 AXIPNA= 806,971 2.5 17,472 6.1 8.6
7 L ¥ Z7pakct 2,280,430 7.2 3,580 1.2 8.4
8 7] = AL AR EhE 1,292,524 4.1 9,042 3.1 7.2
9 S akThE 1,129,259 3.6 10,034 3.5 7.0
10 oA EAAY 2,139,899 6.7 806 0.3 7.0
11 ZL 7k 1,829,441 5.8 2,758 1.0 6.7
12 AR 127,752 0.4 14,182 4.9 5.3
13 A &) Ak 1,278,041 4.0 2,143 0.7 4.8
14 Fo) .o 421,957 1.3 9,780 34 4.7
15 QHA 7} Akt 1,150,903 3.6 2,962 1.0 4.7
16 S wk Ak 490,450 1.5 6,857 2.4 3.9
17 A Z=gukakgh 916,185 2.9 3,027 1.0 3.9
18 A} Q) kAl 619,791 2.0 2,816 1.0 2.9
19 A wk AT 196,355 0.6 5,877 2.0 2.7

20 oA o Wk Akl 517,293 1.6 1,574 0.5 2.2
21 O) A Ab 103,539 0.3 5,219 1.8 2.1
22 L R = 171,315 0.5 4,458 1.5 2.1
23 o 8 Q w A 356,229 1.1 2,572 0.9 2.0
24 TEFELCDY HFAbgh 329,247 1.0 1,876 0.7 17
25 3} A wkak ek 129,982 04 3,201 1.1 1.5
26 2] oF Ak 87,601 0.3 3,004 1.0 1.3
27 SFAb WA TH 237,638 0.7 1,271 0.4 1.2
28 Z3 gukalgt 227,036 0.7 507 0.2 0.9
29 ahobz < ulabtk 45,514 0.1 1,866 0.6 0.8
30 o) AFAkTh* 73,616 0.2 1,541 0.5 0.8
31 732 Y ¥k Ak 124,853 0.4 1,150 0.4 0.8
32 AFA2Y wkAb gk 204,585 0.6 531 0.2 0.8
33 %) 32 o)) 2wk Ak ek 24,670 0.1 1,675 0.6 0.7
34 S AFggutA 69,218 0.2 783 0.3 0.5
35 IR BYRC 149,257 0.5 130 0.0 05
36 ZZZzgdurath 21,049 0.1 1,059 0.4 04
37 AR g duAagr 28,663 0.1 810 0.3 04
38 A7z YA 43,490 0.1 708 0.2 04
39 A= R AT = 64,273 0.2 447 0.2 0.4
40 upAL R B¢] ukalkth 29,262 0.1 468 0.2 0.3
41 AN A Bk Ak 79,400 0.3 262 0.1 0.3
42 Aol LdYgutrtck 62,578 0.2 180 0.1 0.3
43 =k Wk AL TE 34,522 0.1 165 0.1 0.2
44 7 ZF 91X WAk 29,628 0.1 116 0.0 0.1
Total 31,719,269 100 288,504 100 200

5N olge] HYUAE U 5
A, FltZIEd S kel AA1ge] gle AERE 2 AFolA AXE BUHE S5 291
et o ohE= Tl els) o] o] WA AT



Tt eHEd BUEES 3 Al Aiexie SR e] AAER] A

Table 2. Monitoring levels of industrial complexes according to the weighted scores
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Order Complex name (ii_og* Weighted value (C) f:lilBjii)Ee Classification
1 SAA G 45.55 3.0 136.65
2 o] 4« OFATH 19.70 3.0 59.11
3 PN I P R= 14.80 3.0 44.41 Level 1
4 T - o Ak 4.72 3.0 14.16
5 Tt 5.32 2.0 10.64
6 o) AR Ak ehE 0.77 3.0 2.30
7 o orat s Aek 10.54 0.9 9.48
8 I A a=2 8.43 0.9 7.59
9 Faas 8.60 0.8 6.88
10 QA kb 218 3.0 6.53 Level 2
11 L R I X d 721 0.9 6.49
12 Z eI 6.72 0.9 6.05
13 FEBETE S AL 7.03 0.7 4.92
14 AT G 8.91 0.5 4.45
15 28] At 4.77 0.9 4.29 Level 3
16 obg F7patet 4.66 0.9 4.19
17 Q) Z2 o) whab ok 3.94 0.9 3.54
18 TEAbe 7.04 0.5 3.52
19 shd-d whaket 3.92 0.5 1.96
20 ] AbAtet 2.14 0.9 1.92
21 TRk 2.09 0.9 1.88
22 o) A g wkak ek 2.66 0.7 1.86
23 e o) uk Akt 2.01 0.8 1.61
24 Ap2 o1 Ak 2.93 0.5 147 Level 4
25 RS EIRC PAR=Y 1.52 0.8 1.22
26 B}ZLCDY whAbet 1.69 0.7 118
27 kA Tk 1.32 0.5 0.66
28 oFAFQ) ukAbEh 1.19 0.5 0.59
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Fig. 4. Locations of the level 1 and 2 industrial complexes on the base map of PRTR emissions to the atmosphere in

South Korea.

Aoz ARANHAALE A8 rhFig. 5).

A | DA = VOCsE F=2 viEsk=s GA17t

§'1— ;(]ZL‘:_Q A3 ou:](%/\}u] 33.7].}\]_%]1:}-

7H A4 LJ%7W‘§DW g7 AR, F A e l
M= 3‘:‘ S thFeR HiEshe dAVE B & 7H
A @A WJW‘?FW% AAsioit A wAek 7
A A= wiEFe] B2 A FHe] V1= Ef\l
715840, shiteh)s Add3en, 7€ 44
7h lEGe] B A 1ol QX sFom Al AR
AAA @RI AFRY TS F
7FlsAet. Al WAl Dol = FARG A sHHAAR

< AAsierh e 45, 71% AL MEESY
2 Aol ANE 2ARKIBA 12, 2 AT
=, Tl wE A9HH de vEshe A
Jomz 7|E A xgE x]aj oA ztz} A
detx|e] M Tl AR F SAHRCHES, A

W52 NEAF Adew st vxue e o)
AR AR} vl D210 km o)) HojH

AdozA, ATUET} B olsjel FANEEAR)
< AT

3.5. M| LAEK| MELY JHMALE

2 Aol ARE A AT wiEg AsE
HAPsE 33t dA sheted d7iEd As=A,
PRTR Edo|Adl] F7HE 3l A A5E o&
dlo] RUBY 9415918 225150t wleh HAPsZ
ARHA o2 @Yo 4% At 5)9] viEH]
ofell =917t WA 7hsAdol stk aRER - A
v}zw PRTR EH l wiE Fo] ohd HAPs WiZeo=

oﬁ',m.{

PAHsA % el s PRTRe| AAE
A87F A9l glonz B Ao J5H ASAMS



36 A3 M9
Ak ol30|ny, ARUET} 1, FEW o8

Sl NE HFEUR UE 4 U= XH 4
.00 bl l
l- 7|E 5uY o8
oows @nws (EAL2I53Y)
3:%1:'“.’;
- e
2005-2000 AEY HRBO| m«nau-nluﬂxﬁq
PRy foind . aang!n‘uﬁh
‘ o ;é
. ’ﬂ"""‘”»w InuERy
'% . - '-"P.-d;y““*
" AEHA: =X 9 Mey
) | HEm a2 $I%13101(0f: 10 km O 4)),
Woloss APUET} W 0[5t FAHXIH Moy
| o @7 2ys" L= {
R el |
HIWE WA
ssiget 5
S 4
— b
I o - 30

SKULYAT MBS SR
¥
asvighposn®y T

zoos 2009 n’au varsro|

*\» f%

i e M enenn

‘% ‘X it *‘lﬂl"l‘w!’mq"'

iAo SR ] AAFQ A4 W 71

1CHA: vOC vl @& nai2 x| HUE

|, @ f=aouns

* Fwof voc mgol 2e X 48

A wmaE
Voce wa g

I- - |

BIRS @A

s M7 2UEY

S| snsnegus b R
o iumae ey
SRS Az aonean

SKOUIIT ASEA B CLXSKR g s o

oty el Ll Wu e
asuigapac L L 3 2umauaTY
nammm

o 5000
om

Iz 23 ol
T A
s EAISEY),

[ ARl o1z 23y o8

(EATZIHEY)

260: 534 WSS 224e ABLE
234 a0l ¥ XA 4y

P xuiz& =
ﬂmwk 7IE 5B8Y 0|8

(EMZI5EY)

A dnezw 3 ] e, 1
® o muin A X @
HAPs B 9 :

et | )

HIWE @pmeD)

=0 1000

g T h\ AR ssmanany
iy (RS R
meveml

x3Y
e il
= Tl ran

Fig. 5. Procedure for the selection of sampling sites in Ulsan for the monitoring of HAPs.

F 52 AR /FAE Polsnh. e ¥s 3
a1 PAHs Wa32 #4959t 7150 Ay
W ste], A RUHY ST 5] A3
e Y ezt ok

Aol 2HE AARAL] A%, B AJEAnh
HAPs WjZao] Aojy & A7l $449) e
AeAel T ke FsAel ek, TejEw
dhaAels) 7o) Aol 24E ISl A5, Ao
A 5243 7o JFERAAY 5 HAPs wzol

9] wUEY oy

s Y S sl £
ez Sk a7t 9l

4. & £
2 AoMe A AigRe] gig NxdgE =
A¥gk %, PRIR W7]MlE% Atar) = Ajux s

BUEY tho Aesidc. $9E BT ol
3 AR U §o14S 98] shi



72 s - A -

AR HAFSAL o]FA ERE AAEEA] |
TH 7ISAE Fofsto] w9lol wE YUY SEe
et TR 153GEAHY A 4S5 <
7] flste] BUERo]l ok AAuA]) 671, 25
TEAY 40 B AESP] flste] ZUEE
gk AR 6l, 35H (e dejaels 18
UEFo] Bagk AADA) 67, dew@EHEHO]
gl AdEA) 10715 A A ti7)
4 wiEE AkEet E Aol AT muH of
AEA 9] AAE wlaek A, A9 WESEE
tgshe 202 Yebsdth Wil Baole &7
gollr et I Al thaire A7)
#2E yHste] RUHY tides FUHE 5 3l
R ABARAAEAAS, FAAS, A,
& e A AL Slel EE ARES
Fsilom, ABAHAR AgdAtel wet St
SR o] ABAHAA A AlEIE A ST
B A dzhs &5 HAPs BUHY i ARiux
AR S skt vie d8Hoz AedE &
JE Aotk 53], =7l $47] HAPs XUH
Ags Fdsl=t 27 A8E 282 Zor 7vd
th &5, & AelA AN AES B AlAISE
oL AT AHARE ARS] AlEEe IR
o, T=Ao= t7)1E A6l =eol d Zler 7]
o

=

3

fo e S

jin's
N

(o3

I o> @ ko O
319

_>LO.\.|‘
r

K]
2

N
o r
x o -

2

=

“Arel =

o] A= 2013d =HeE Ak “HOT SPOT
7| edEd ZUHY Zug nld Ae] dgte
2 FYPEAFUh GIS dEAE £ =98 =
UNIST tisti e} sl SolA 7atke] vl
oS Aok

mk
rot

o

L AR, a1 RN @ Al2z)”, 2014,

2. B, 20119% sished wiew 2Abds 2,
2013.

3. THE, FIRIIEA] t7lE FkER sl
5737, 2005, FoFIhSaL A=t

4. AR, T 54 we drledade] &
of &k A7, 2010, FIHS L AP

5. upIle, wpled, upE, s, AEA ARIEA

off

bt

b
:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

P, RIEA) SHHAERIE 9 RNz )

iy
oflt
)
o,
4

F, 9519 VOCs ¥ =2 g mUEy”,
YN ELEE2]%], 2004, 3, 127-134.

24 2 RNl #8457, 2005, AEtisly
ALl

Ny

. IR, AR, AR LRLRAEA )

T FRTIsEEe T,
2005, 14, 53-60.

AP, = wiEs T sl mE Fdrt
a1 524 A7, 2013, AEih A=

e,

A, wiEE, B, AT, AL, <A

715 FWAA718IREE (VOCs)e] T84,
#/81z] 2004, 13, 205-214.

73S, ks, AFE, o3k, sEiTR] XY
7] F nAeRe A eAEE EAr, FekE
gs12] 2011, 27, 16-29.

ARZ, AEs, 242, 4 TAl ARieR] Fx)ef
FA AGe ] T 384 BxlE 4 v i
B, BE5EE 7857, 2010, 25, 27-40.

AL, e, AR, Wz, <RI (PMPE F
TR VOCs 28391 2 7|odm>, g=ralif
B18)8] FAgers] =EE, 2009, 63-67.

A, AiRiER] ti7] 5 oolSAlF Z2ad 4%
tehEesla WY ol 2 CMBEY 49
71, 2010, F73tshal AR

%47, “AUSPLUME ®dlS o]83t oHE vjsp] 9
gk AR AU FATR] Ale] o]AA el et AT,
S8 8181%], 2002, 18, 393-400.
FHAAHA, A3} - GX ] [N G ED A}

F7e17

AT, 2006.
SYARAG, A} LAY el e 2}
AT, 2007.
S, ol B el eBED 24
AT, 2009.

Y, S A7 LEED AR,
2010.

SYeg=se, <A -
A, 2011.
SYeelel, oA fAld7|eAdED =AF A,
2012.

SHEIE, MG ERD
2 ESAEA 371, 2011
AR TR T, httpy/www.kicox.orkr, 20149 4€.
=gl sikEAlE - ol HRAIZH], hitpy/
ncis.nier.go.kr/triopen, 20143 4%.

A2, AES, oA, AAE], AL, FAE, dx
Ale] tEEEEslrAs 7|10 H9E] S At ©
H|A>, /7815 24]8131%], 2013, 16, 239-249.
EAA, “AAEFZAE A, 2004.

718A8 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


